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Abstract 
Eco-city planning has been a prevailing concern throughout China and beyond over the past few decades. Least-cost 
planning is a life-cycle costing approach for alternative analysis and decision-making, determining the preferred 
option that provides the optimal mix of financial, social and environmental outcomes for stakeholders throughout the 
project lifespan. A more sustainable approach is to incorporate the low carbon context into this economic analysis. 
Case studies, Tianjin Eco-city and Ningbo-Cixi Wetland Centre, granted by GEF, are presented and reviewed on how 
to foster key coastal areas of China into eco-cities by means of carbon footprint and costing. It is demonstrated that 
consideration should include carbon impact, carbon costs and accounting processes in the planning and management 
of the relevant plots, with achievement of key performance indicators relating to greenhouse gasses. Tertiary 
wastewater treatment, the selection of low carbon emission technology, and the utilization of constructed wetland 
configurations, green buildings and facilities are particularly demonstrated and modelled, employing energy software 
and economics tools repectively. 
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1. Introduction 
Carbon footprint concepts can be used to convey the global warming and climate change impacts 
associated with planning or development of a program. Carbon footprint is a tool that calculates the area 
of GHG emissions resulting from the utilization of energy and material resources. [1]. Lifecycle 
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assessment (LCA) is a program planning evaluation as well as environmental assessment of the overall 
mass balance of an option, from the production of the raw materials to the ultimate disposal of all wastes. 
It can be a useful technique for comparing options on the basis for ecological sustainability. Since 2009, 
China has issued strategic environmental and social impact assessment regulations, closely relevant to 
carbon footprints, ecological footprints, and lifecycle assessments.  On those bases, urban planning in 
China also is in line with respective national codes focusing on triple footprints: ecologic footprint, carbon 
footprint, and water footprint. 
Eco-city planning has been concerned with and prevalent throughout China and beyond over the past 
few decades [1, 2]. Least-cost planning is a life-cycle costing approach for alternatives, analyzing, and 
decision-making in implementation of planning to determine the preferred option that provides the 
optimal mix of financial, social, and environmental outcomes for stakeholders throughout the project 
lifespan [1, 3]. 
An eco-city is a city or a part thereof that balances social, economic and environmental factors (triple 
bottom line) to achieve sustainable development. It is a city designed with consideration of environmental 
impact, inhabited by people dedicated to minimization of the required inputs of energy, chemicals, water, 
and waste with less costly outputs of heat, air pollution - CO2, methane, and water pollution.  
In coastal China, there are several cities implementing eco-city programs under grants or funding from 
the International Finance Institution (IFI). Among them, Tianjin Eco-city and Ningbo-Cixi Wetland 
Centre, granted by Global Environment Facilities (GEF) for technical assistance showcase how to foster 
key coastal areas of China into eco-city clusters by means of low carbon footprint and costing. 
2. Planning Rationale and Methodology 
2.1. Economic analysis and Least cost planning  
Economic analysis is a rigorous approach for comparing the costs and benefits of a plan or project, or 
the costs of alternative ways of achieving certain benefits. It enables a comparison of the true benefits to 
the economy for the alternative approaches; hence, it aids rational planning. 
Economic analysis is an important part of the overall planning process, but it does need to be 
combined with other analyses, such as social and environmental assessments. 
The analysis should compare the impact of the project or plan with the situation which would arise if 
the plan was not implemented. This may not be the same as the present situation, since there might be 
deterioration if the plan was not implemented. 
Economic assessment in eco-city planning has two important roles; the first being project screening 
and selection and the second being the prioritization (ranking) of the alternative interventions and options 
which have been selected. This is a vital part of the planning process; the objective being to produce the 
most appropriate eco-city planning for a particular basin, region or nation. The requirement is not to make 
an overall assessment of the economic returns of the eco-city planning as the entire planning but to use 
economics as a planning tool for the comparison and selection of alternative options and projects to be 
included within the eco-city planning. 
There is a useful distinction between cost-effectiveness analysis (CEA) and cost-benefit analysis 
(CBA), both of which have a role to play in economic analysis of eco-city planning. CEA is the more 
appropriate tool to use when selecting the most economic option for meeting a specific objective where 
the benefits are difficult or not necessary to quantify. In this situation, there will be differences in costs 
between the various options (especially different ratios between construction and O&M costs), but the 
benefits may be uniform, and therefore do not need to be included in the analysis. 
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The costs and benefits of any changes in the reference level that offer an incremental change (either up 
or down): 
 the NPV of costs over the whole life of programmes/sub-programmes; and 
 the NPV of benefits over the whole life of programmes / sub-programmes. 
Least cost planning (LCP) analysis is an evaluation technique that can be used to include the consumer 
as well as the service provider costs or benefits. For example, the principles of least cost planning applied 
to urban water resource management involve considering demand management initiatives along with 
source substitution and supply augmentation options to identify methods of meeting the water related 
needs of a region at least cost to the community. In this sense, LCP is more likely a representative of CEA.  
2.2. Least cost planning and carbon costing in eco-city planning 
It is recommended that consideration be given to using the tenets of eco-city planning to include 
carbon costs and accounting processes in the overall financial planning and management in order to see 
financial and economic viability of these different options: 
 application of life cycle evaluations and inclusion of carbon costs in the evaluations as well as the 
financial and economic modeling; 
 inclusion of  carbon costs and accounting processes in the overall financial planning and management; 
 achievement of key performance indicators (KPIs), including those relating to greenhouse gas; 
 innovative financing including Clean Development Mechanism (CDM) as well as the creation of 
“environmental bonds” or “climate bonds.”  
Some strategies can enable us to “offset” carbon savings against other carbon emissions. This is the 
principles of the CDM, sometimes referred to as “Carbon Trading.” 
The NPV of economic benefits consists of net non-financial impacts which can be shown from 
delivering the planning/sub-planning over the time horizon. This should include both non-financial 
benefits such as increases in urban environmental amenities and reductions in sewer flooding incidents, 
and the net of any non-financial costs, such as GHG emissions, associated with the planning/sub-planning 
delivery. 
Where relevant, it should include emissions relating to construction (embedded emissions); these will 
consist of both direct and indirect emissions, components of the supply chain emissions. 
Embedded emissions are direct and indirect emissions resulting from the construction, maintenance 
and disposal of an asset. Supply chain emissions are those associated with the manufacture and transport 
of consumables used by the water industry; for example, those associated with the use of chemicals. 
These principles are similar to the ideas of Green GDP, which deducts the cost of environmental 
damage and resources consumption, as can be indicated by carbon accounting, from the traditional gross 
domestic product. It restates GDP to reflect the environmental impact. Again, the mechanism for 
assessing green GDP is potentially complex and as yet undetermined in detail. As policies develop, it is 
clear that the ability to predict a development’s overall carbon emissions will provide key data essential to 
developers.   
For least cost planning evaluation, a long run average incremental economic cost (AIEC), taking a 
typical water supply planning for example, can be indicated as a concisely-revealed KPI as follows:  
 
AIEC = (PV1+PV2+PV3-PV4)/PV5(1) 
PV1：PV of capital expenditures (Capex), denoted as 
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(2) 
PV2： PV of operational expenditures (Opex) 
which can be broken down to fixed, variable, and energy consumption expenditures respectively with 
the following  summed-up formula:  
PV2=PV21+PV22+PV23 (3) 
PV3：PV of social cost (e.g. GHG reduction)（negative as benefit） 
PV4：PV of water saved by programmes (negative as augmented) 
PV5：PV of Water consumed, denoted as 
(4) 
3. Case studies 
3.1. GEF grant TEC program 
Tianjin Municipal Government, through the Sino-Singapore Tianjin Eco-city Administrative 
Committee (SSTECAC), is developing Sino-Singapore Tianjin Eco-city (TEC). The 30 square km 
development is intended to be a model eco-city, environmentally and economically sustainable and 
socially inclusive. It is expected that the city will act as a model for future developments across China.  
It is intended that a GEF grant application be made to gain funding for the incremental cost of 
enhancing TEC buildings. This includes considering the options for enhancements to the BAU building 
design and evaluating the cost increment and energy savings associated with these options. The various 
optional enhancements were reviewed and considered based on cost and energy saving benefit and 
replicability in the context of this and similar future developments.  
As TEC is at the vanguard of technology development and the first of China’s eco-cities being built, it 
is appropriate to consider taking the opportunity to apply trademarks on green building ratings to 
processes, technologies, or procedures associated with elements/components of TEC and its associated 
developments, thereby assisting in the monitoring of the KPIs and demonstrating achievement of the 
measurable targets. 
When considering the KPIs for carbon emissions, a means of estimating the likely energy use is 
developed employing a series of building simulation tools to ensure that set targets can be achieved. The 
GEF grant on technical assistance presents the general method for carbon emission evaluation from a 
global perspective and tailors the assessment criteria for TEC Eco-city accordingly. 
TEC provides an excellent opportunity for application of creative financing in the long term.  Some of 
the forms of innovative financing include the CDM together with other means which are less well 
established include the creation of “environmental bonds” or “climate bonds.” 
The graph in Figure 1 shows outputs from the analysis of green building design options for the Eco-
city design competition (GB, ASHRAE and Eco-cityGBES refer to baseline China Code, American green 
building standards, and TEC Eco-building standard design criterion respectively). This shows how 
adopting different building performance assumptions can have a significant effect on energy use. 
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Fig.1. Annual Energy Use in TEC 
By modeling typical buildings, as described above, the decision-makers are able to consider different 
levels of “green building” compliance and therefore are able to evaluate the sustainable benefits of the 
development in terms of energy, carbon, cost, programme, and environment.Table1 shows the results of 
carbon emission calculation on avoided GHG footprints for the gross floor area of  23000m2 TEC 
demonstration public building, after comparison between the baseline under GB and enhanced energy 
saving case under TEC Eco-GBES, by use of the eQuest building simulation tool. The latter includes 
improvement in performance of the external building envelope, improved lighting specification and 
control, higher performance HVAC systems, the use of regeneration type elevators, wider use of water 
saving fittings, and greater use of solar energy in photovoltaic power generation and solar thermal water 
heating. Such a demonstration project has underpinned the formation of the eco-building standard serving 
SSTECAC[4], in which the carbon emission factor is implied to be incorporated into the least life cycle 
costing analysis of the building.  
Table 1 Annual Carbon Emission (Footprint) Calculation for TEC demo public building  
Item Baseline(kWh*000) Enhancement Case 
3a(kWh*000) 
Demand Reduction 
(kWh*000) 
CO2 
Footprint(CO2et) 
Electricity demand (1) 3070 1703 1367 - 
Avoided CO2 emission on (1)  - - - 981.8 
Natural gas demand(2) 3110 1909  1201 - 
Avoided CO2 emission on (2) - - - 204.9 
Avoided CO2 emission in total - - - 1186.7 
Note: For electricity: 7.18 x 10-4 metric tons CO2 / kWh, annual CO2 output emission factor, eGRID2007 Version 1.1, U.S;for 
natural gas 5 x 10-3metric tons CO2/therm value. 
3.2. GEF grant Cixi Wetland Center-North Cixi WWTP component 
GEF and World Bank have established a Partnership with the Investment Fund for Pollution Reduction 
in Large Marine Ecosystems of East Asia to addressing serious environmental degradation in particular 
land-based pollution of the region's coasts, estuaries, and rivers. China Ningbo is a frontier municipality 
to share the experience and benefits from this program and others from IFIs including World Bank loan 
Ningbo Water and Environment Project (NWEP).  
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The GEF involved programs in China Ningbo presently being executed include component 1 
constructed wetland (CW)of North Cixi WWTP with capacity of 100,000 cubic meters per day, 
component 2 establishment of a Wetland Centre, and component 3 wetland restoration management 
assistance. Presented in this paper is on how decision-making on component 1 were formed on a basis of 
economic model for process configuration option comparison.  
At present, CW of North Cixi WWTP is being put into operation However, prior to GEF’s 
involvement, at the feasibility study stage for Cixi sewage components under NWEP, and the proposed 
treatment process for North Cixi WWTP is a modified A20 process for secondary treatment, with the 
utilization of a conventional chemical coagulation/filtration method for tertiary treatment. Cost estimates 
under NWEP for the assumed a conventional tertiary treatment includes a capital cost of $1.1 million. 
(The actual contract value is RMB10 million for adjacent WWTP tertiary treatment). The modified A20 
process, with the tertiary constructed wetland proposal was rejected as the capital costs for the 
constructed wetland under GEF-NWEP are around US$7.1 million (The actual contract value is RMB40 
million), and average incremental financial cost (AIFC) for tertiary units on CW  is 0.178RMB/m3,  
0.022RMB/m3 higher than conventional tertiary filtration treatment (at discount rate of 6%).   
Another study, EIA, was undertaken by another consulting entity in parallel with the feasibility study.  
It suggested that the constructed wetland is better than a conventional chemical coagulation/filtration 
method with land area approximately 86 ha, including a combination of subsurface and surface flows and 
will be designed to maximize the ecological habitat while meeting the required discharge standards, and 
have other merits on social and economic aspects: 
 wetland as carbon sink ; 
 ecological amenities and eco-tourism benefits;  
 avoiding more power required for liquid and sludge treatment and more chemicals usage presenting 
more  carbon footprint. 
Given a three years construction period from year 2009 and a thirty year operation period, including 
overhaul in 2028 and ending of operation in 2041, an economic model on the basis of the least costing 
approach was also developed as shown as Table 2.  
It is shown that AIEC for tertiary units employing the CW process is 0.162RMB/m3, 0.022RMB/m3 
less than conventional tertiary treatments (scenario of discount rate 8%) under assumptions of: 
 wetland as carbon sink as well as carbon offset, which presenting 1.08 million per annum carbon 
credits=6000t/CO2 sink *RMB180/t [5-6]; 
 wetland CH4 mission effect negligible due to small vegetation density at  low nutrient loading level 
and soundness of residue management including regular macrophyte harvesting;  
 due to supply chain emissions, construction embedded emissions  taken into account;  
 operational emissions taken into account [3] in case use of more chemicals and  power; and 
 other externalities not being calculated as to values of wetland services including ecotourism  and 
culture services, biodiversity and habituating functions with food-web provisions, regulation of 
hydraulic regimes, pollutants abatement functioning (e.g. nutrient trapping) as well as material 
outputting (e.g. reeds harvested having been part of thatched roof and wall in Cixi Wetland Center)  
Table 2   Least Costing Analysis on Social-Economic Dimension 
Year             WWTP 
Flow 
(Milm3) 
Cost for Tertiary Chemical 
Process(RMB milannually) 
Capex    Incr.Opex    Total Cost 
Cost for Tertiary Constructed 
Wetland(RMB milannually) 
Capex        Incr.Opex      Total Cost 
2009 0 1.0                 0.4               1.4 4.0                   0.2                      4.2 
2010 0 4.0                 1.6               5.6 16.0                 0.8                    16.8 
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2011 0 4.0                 1.6               5.6 16.0                 0.8                    16.8 
2011 18.3 1.0                 0.4               1.4 4.0                   0.8                      4.8 
2012 36.5                 5.5               5.5                         1.8                      1.8 
2013-2027 36.5 
annually                       5.5               5.5                         1.8                      1.8 
2028 36.5 4.0                 5.5               9.5 5.3                   1.8                      7.1 
2029 36.5                       5.5               5.5                       1.8                      1.8                              
2030-2040 36.5 
annually                       5.5               5.5                         1.8                      1.8                                  
2041 36.5                 5.5               5.5                         1.8                      1.8                                    
    Item  Discount  Rate Scenarios 
10%               8%              6%        
Discount Rate Scenarios 
6%                 8%                    10%    
WWTPFlows (Mil m3) 
ENPV(RMB mil) 
AIEC(RMB/m3) 
246.049  312.779    407.383  
46.793  57.458     72.463 
  0.190           0.184          0.178                      
407.383     312.779             246.049            
57.512       50.797             45.706               
0.141              0.162             0.186                                 
              Abbreviations: Incr. Opex-incremental operational expenditure; ENPV-economic net present value 
Eventually the conclusion of the EIA report overweighed that of the previous feasibility study among 
the donors and local stakeholders, resulting in CW options prioritized and consequently attracting GEF 
involved, with an amount of a grant provided for further technical assistance contributions. The external 
benefits are obvious comprising the willingness for payment of eco-service value in particular impacted 
by GEF donations, and potentially more cost-effective eco-service provisions through technical assistance 
by recruiting international professionals who can use their expertise and conduct on carbon accounting.  
4. Conclusion 
Case studies, Tianjin eco-city and Ningbo-Cixi Wetland Centre, both granted by GEF on programme 
and implementation advisory, are reviewed on how to foster key coastal areas of China into an eco-city 
by means of carbon footprint and costing incorporated into the financial and economic planning and 
assessment. It is demonstrated that consideration should include carbon impact, carbon costs and 
accounting processes in the planning and management of the relevant plots, with achievement of key 
performance indicators relating to greenhouse gas. Green building facilities selecting low carbon emission 
technology in coastal new district of TEC and tertiary wastewater treatment using constructed wetland 
configuration in coastal Cixi of Ningbo are particularly demonstrated by use of appropriate simulation 
and evaluation tools, respectively. The former is one way to foster in-situ renewable energy utilization on 
buildings by dynamic energy simulation, and calculation of incremental costs incurred and energy saved 
with consequences of carbon footprint assessment, and the latter is the issue of how to use CBA and/or 
CEA tools such as least-costing approach for planning alternatives evaluation, considering the 
involvement of the carbon footprint as one of KPIs. The latter case faces the challenge of valuating the 
ecological system services for wetland carbon offset effects globally and locally, which has significant 
impact on values of such KPIs as lifecycle incremental economic cost unit output. The economic model 
test in the paper for the latter doesn’t provide sensitivity analysis to demonstrate the assumptions under 
which a project option would be cost-beneficial, which shall be studied further along with mature carbon 
credits in China. 
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